Background: Three-quarters of patients who undergo total hip replacement (THR) receive postsurgical rehabilitation care in an inpatient rehabilitation facility (IRF), a skilled nursing facility (SNF), or through a home health agency. The objectives of this study are to examine racial differences where THR recipients receive postsurgical rehabilitation care and determine whether discharge destination is associated with hospital readmission. Methods: Using the Pennsylvania Health Care Cost Containment Council database, we selected African American (AA) or white adults who underwent THR surgery (n ¼ 68,016). We used multinomial logistic regression models to assess the relationship between race and postsurgical discharge destination. We calculated 90-day hospital readmission as function of discharge destination. Results: Among patients <65 years, compared to whites, AAs had a higher risk of discharge to an IRF (adjusted relative risk ratio [aRRR]: 2.56, 95% confidence interval [CI]: 1.77-3.71) and a SNF (aRRR 3.37, 95% CI: 2.07-5.49). Among those 65 years, AA patients also had a higher risk of discharge to an IRF (aRRR: 1.96, 95% CI: 1.39-2.76) and a SNF (aRRR: 3.66, 95% CI: 2.29-5.84). Discharge to either IRF or SNF, instead of home with self-care, was significantly associated with higher odds of 90-day hospital readmission (<65 years: adjusted odds ratio [aOR]: 4.06, 95% CI: 3.49-4.74; aOR: 2.05, 95% CI: 1.70-2.46, respectively; 65 years: aOR: 4.32, 95% CI: 3.67-5.09, respectively; aOR: 1.74, 95% CI: 1.46-2.07, respectively). Conclusions: Compared to whites, AAs who underwent THR were more likely to be discharged to an IRF or SNF. Discharge to either facility was associated with a higher risk of hospital readmission.
Introduction
Total hip replacement (THR) surgery has become one of the most successful and frequently performed elective surgeries in the United States. It is the primary treatment for patients with end-stage hip osteoarthritis (OA) who have failed conservative treatment. With the increasing prevalence of OA and the aging of the US population, THR utilization is anticipated to grow. According to the US National Center for Health Statistics, THR among patients who are 45 years or older increased from 138 700 to 310 000 from the years 2000 to 2010.
1 By 2030, the demand for THR is expected to grow up to 572 000. 2 Technological advancements have also prolonged prosthetic device life expectancy. For instance, implant survivorship is estimated at higher than 80% at 25-year follow-up. 3 Numerous studies have reported marked racial/ethnic variation in the utilization of THR in the management of end-stage hip OA. [4] [5] [6] [7] [8] However, less is known regarding racial/ethnic variations in postsurgical care processes and outcomes. A Medicare claims data analysis found that African Americans (AAs) had greater risk of mortality following primary THR than whites. 9 Two separate studies found that racial/ethnic minorities were at an increased risk of a longer hospital stay after THR. 10, 11 In studies of patients who underwent hip or knee replacement surgery, AAs reported having worse health and OA-related pain and disability than whites preoperatively and postoperatively. 12, 13 A few studies have examined racial/ethnic variations in rehabilitation destination after THR. However, these studies are also limited by inadequate risk adjustment 14 or comparisons were done in patients who underwent total knee replacement with THR surgery in aggregate. 15, 16 A few other studies found that the patterns of postacute rehabilitation care (PARC) use following lower extremity joint replacement by race varied by state. [15] [16] [17] Regardless, many patients are discharged home after joint replacement surgery, although about 75% obtain rehabilitation care in an inpatient rehabilitation facility (IRF), in a skilled nursing facility (SNF), or through a home health (HH) agency. 18 Finally, there is evidence that discharge destination after lower extremity joint replacement surgery may significantly influence acute care hospital readmission. [19] [20] [21] [22] [23] More specifically, discharge to a SNF and possibly an IRF appears to increase the risk of readmission. [19] [20] [21] [22] [23] In 2012, the Centers for Medicare & Medicaid Services (CMS) identified acute care readmission rates after elective total knee replacement or THR as a measure of hospital quality with major financial consequences. 24 The primary objectives of this study were to examine whether there are racial variations in discharge destination after THR and to determine whether discharge destination is associated with all-cause 90-day risk of acute care hospital readmission. We hypothesized that racial minority patients will have higher rate of discharge to an IRF or SNF for postsurgical rehabilitation care and consequently will face higher risk of readmission to an acute care hospital within 90 days of discharge.
Methods

Study Sample
The study sample and study variables were previously described. 16 Briefly, the Pennsylvania Health Care Cost Containment Council (PHC4) database was used to identify patients who underwent elective primary THR surgery in the state of Pennsylvania from fiscal year (FY) 2002 to 2012. Primary THR surgery cases were identified using the International Classification of Diseases, Ninth Revision (ICD-9) code 81.51. Only adults who identified as AA or white were included in the study. Exclusion criteria were as follows: unknown gender or insurance status, bilateral hip replacement, death on the same day of THR surgery or during hospitalization, transfer to a different acute care hospital or to a nonstudy destination, hip revision or knee replacement/ revision during the same hospitalization, >2 previous THR, and negative calculated readmission time from hospital discharge (from likely administrative data set error).
The eligibility criteria for inpatient rehabilitation were revised by CMS in 2004, resulting in significant shifts in rehabilitation utilization. 25 The use of IRF decreased and the use of SNF increased between 2004 and 2007. Trends in the use of rehabilitation services stabilized between 2008 and 2012. Hence, we decided to focus our analysis on the cohort of patients who underwent THR surgery between FY2008 and FY2012 (July 1, 2007, to March 31, 2012) . The THRs that occurred prior to FY2008 or during the second quarter of FY2012 (90-day readmission for these cases could not be assessed) were excluded.
Study Variables
Outcome measures. The primary study outcome is type of postsurgical rehabilitation care to which the patient was discharged. Options range from home with routine self-care, home with HH care, SNF, or IRF. Hospital readmission within 90 days by type of postsurgical rehabilitation care destination was also determined.
Exposure variable. Primary exposure of interest was patient race (AA or white). Study covariates. Patient-level variables included sex, age (<45, 45-54, 55-64, 65-74, 75-84, and 85 years), and type of medical insurance (private, Medicaid, Medicare, or other government-sponsored health insurance program). The FY during which the patient underwent THR surgery was determined. Clinical variables included postsurgical complications (ie, thromboembolism, postoperative myocardial infarction, prosthetic device complication, and surgical wound infection) that were ascertained using ICD-9 codes. Clinical comorbidities were identified based on coding algorithms developed by Quan and colleagues 26 and supplemented with the methodology recommended by the Agency for Healthcare Research and Quality, versions 2.1 and 3.0-3.7 (Supplement 1). 27 In contrast to the previously described study protocol, 16 a summation of comorbidities was not used in this study, allowing us to take advantage of all the comorbidity information upon analyzing the data.
Facility-level variables included characteristics of the hospital facility in which patients underwent THR. Metro area status was assigned based on the 2013 US Department of Agriculture's Rural-Urban Continuum Codes. 28 Hospital procedure volume was categorized into 3 levels: <100, 100 to 199, and 200 THR procedures per year. The study received an exemption from the institutional review board of Philadelphia Veterans Affairs Medical Center's (Exempt ID: 01409).
Statistical Analysis
Patient-level and facility-level characteristics, along with clinical outcomes, were compared by patient race. Associations between race and the various patient-level, facility-level, and outcome variables were tested using Wald w 2 from unadjusted binary or multinomial logistic regression models. All models considered race as the independent variable and accounted for clustering by hospital facility.
Using similar strategies, patient-level characteristics, facility-level characteristics, and 90-day hospital readmission were compared by postsurgical discharge destination (considered the independent variable). Patient-level and facility-level characteristics, along with postsurgical discharge destination, were also compared by 90-day hospital readmission status (considered the independent variable). Associations were once again tested using Wald w 2 from unadjusted binary or multinomial logistic regression models that also accounted for clustering by hospital facility.
Unadjusted and adjusted relative risk ratios (aRRRs) of being discharged home with HH care, to a SNF, or to an IRF (vs home with self-care) after THR surgery in AAs compared to whites were estimated using multinomial logistic regression models. Multivariable models adjusted for patient-level and facility-level variables were significantly (P < .10) associated with postsurgical discharge destination based on the bivariate analyses conducted (described in the previous paragraph). Unadjusted and adjusted odds ratios (ORs) of hospital readmission at 90 days were estimated using binary logistic regression models. Multivariable models were adjusted for patient-level and facility-level variables that were significantly (P < .10) associated with 90-day hospital readmission (also described in the previous paragraph).
In all models, patients were stratified by age group (<65 years old and 65 years old). The age-based stratification accounts for differences in Medicare eligibility. Data management and analyses were conducted using SAS version 9.4 (SAS Institute, Cary, North Carolina) and Stata version 14.1 (StataCorp LP, College Station, Texas). Figure 1 summarizes sample exclusion criteria. Briefly, a total of 151 480 THRs were performed in Pennsylvania between FYs 2002 and 2012. We excluded patients who identified as either non-AA or white and those for whom race identification was missing (n ¼ 8035). We also excluded patients who underwent bilateral hip replacement (n ¼ 2196) and those with unknown medical insurance status (n ¼ 963). Finally, we confined the analysis to those who underwent THR surgery during FYs 2008 and 2012 (n ¼ 68 016). Table 1 summarizes basic demographic and clinical characteristics of the analytic sample. Among the THR surgery patients analyzed, 63 625 self-identified as white and 4391 self-identified as AA. Among those <65 years, AAs were less likely to have private insurance and more likely to rely on Medicare or Medicaid than whites (P < .001). After age 65, a vast majority (nearly 90%) of both AAs and whites relied on Medicare. AAs were more likely than whites to be admitted into hospitals with 200 THR surgeries per year. This was the case for those <65 years (P < .001) as well as among those 65 years (P ¼ .019). Complication rates from the procedure were minimal among all patients. Comorbidities such as hypertension, diabetes (uncomplicated), renal failure, and liver disease were more common among AAs than whites (P < .001, all comparisons in both age groups). Other comorbidities including hypothyroidism were more common among white patients compared to AAs (P < .001, both age groups).
Results
Study Sample Characteristics
Most patients who underwent THR were discharged home with HH care. In both age groups, AAs were significantly less likely than whites to be discharged home either with or without HH care (P < .001, comparisons in both age groups). The AAs were more likely than whites to be sent to a SNF (28.3% vs 11.9% among those <65 years old; 54.1% vs 33.5% among those 65 years old). Among patients <65 years, AAs were more likely than whites to be sent to an IRF (11.7% vs 5.5%), but the opposite was true among those who were at least 65 years (14.4% vs 17.8%). Tables 2 and 3 summarizes baseline characteristics by discharge destination. Among patients younger than 65 years, higher proportions of females than males were discharged to IRFs and SNFs. On the other hand, higher proportions of males than females were discharged home (P < .001). Most relied on private medical insurance, especially among those who were discharged home with (84.5%) or without (83.3%) HH care (P < .001). Patients sent home were most likely to have been treated in facilities with 200 THR cases per year (P < .001). Surgical complication rates were slightly more common among those discharged to IRFs and SNFs compared to those who were discharged home (P < .001, venous thromboembolism and prosthetic device complication). Comorbidities including hypertension, chronic pulmonary disease, diabetes mellitus, obesity, and depression were more common among those discharged to IRFs and SNFs than among those who were sent home (P < .001, all comparisons).
Characteristics by Discharge Destination: <65 Years Versus 65 Years
For patients who are Medicare eligible (65 or older), significantly higher proportions of females than males were also discharged to IRFs and SNFs (P < .001). More than 85% of these THR recipients had Medicare insurance, but those who were discharged home with (13.2%) or without (14.8%) home care were more likely to have private insurance than those discharged to an IRF (5.6%) or a SNF (8.0%) (P < .001). Complications such as prosthetic device malfunction and comorbidities including cardiac arrhythmias, chronic pulmonary disease, diabetes, hypothyroidism, renal failure, and electrolyte disorders were more commonly seen in patients sent to IRFs and SNFs than in patients who were sent home (P < .001, all comparisons).
Race and Discharge Destination: Unadjusted and Adjusted Analyses Figure 2 summarizes the adjusted and unadjusted associations between race and discharge destination after THR surgery. Briefly, among patients younger than 65 years, AAs, compared to whites, were more likely to be discharged to an IRF (unadjusted RRR: 3.67, 95% confidence interval [ (Figure 2 ), the first 2 of these relationships remained statistically significant (IRF-aRRR: 1.96, 95% CI: 1.39-2.76, respectively; SNF-aRRR: 3.66, 95% CI: 2.29-5.84, respectively). However, after adjustment, there was no longer a statistically significant association between patient race and risk of being sent home with HH care compared to being sent home with self-care (aRRR: 1.29, 95% CI: 0.87-1.92).
Race and Acute Care Hospital Readmissions Within 90 Days of Discharge
Supplement 2 shows the patient-level and facility-level characteristics by 90-day hospital readmission status of both age groups. AA patients, compared to white patients, were more likely to be readmitted to an acute care hospital within 90 days regardless of age group (adjusted OR: 1.13, 95% CI: 1.01-1.28, among those <65 years old; adjusted OR: 1.31, 95% CI: 1.10-1.56, among those 65 years old). The odds of readmission to an acute care hospital within 90 days were higher among those discharged to IRFs (<65 years old-adjusted OR: 4.06, 95% CI: 3.49-4.74; 65 years old-adjusted OR: 4.32, 95% CI: 3.67-5.09) and SNFs (<65 years old-adjusted OR: 2.05, 95% CI: 1.70-2.46; 65 years old-adjusted OR: 1.74, 95% CI: 1.46-2.07) compared to those discharged home with selfcare. There were no significant differences in hospital readmission between those discharged home with and without 
Discussion
Our study is the first to demonstrate race differences in postacute rehabilitation destination among THR surgery recipients in the state of Pennsylvania. In this large sample of patients, we found that AAs, in comparison to whites, had a significantly higher risk of being discharged to a SNF or IRF rather than being discharged home with self-care. In this study, we also adequately controlled for patient sociodemographic characteristics, clinical comorbidities, surgical complications, and hospital facility characteristics. We found that racial differences in PARC destination persisted even after controlling for these important confounders. We also found that patients discharged to a SNF or IRF have higher risks of readmission to an acute care hospital within 90 days of discharge following THR surgery. Our findings compare with those from other studies. For example, Ottenbacher et al 14 reported that AAs, compared to whites, were more likely to receive inpatient rehabilitation after undergoing lower extremity replacement surgery. Similarly, Freburger et al 15 found that racial minorities living in Arizona and New Jersey were more likely to use SNF care relative to whites. In that study, racial minority patients, compared to white patients, were less likely to receive HH care. Finally, a study using data from California hospitals found that among patients who underwent THR surgery, AA patients were more likely to be discharged to a SNF/IRF or to be sent home with HH care than to be sent home without HH. 17 Finding a higher risk of hospital readmission after discharge to either an IRF or SNF is also consistent with the literature. For instance, Bini et al 29 reported higher risk of 90-day readmission to an acute care hospital among total knee or hip arthroplasty patients who were discharged to a SNF compared to those were discharged home. Several other studies reported a greater risk of 30-day or 90-day hospital readmission among patients discharged to a SNF following joint replacement surgery. [19] [20] [21] [22] [23] Our own analysis of the PHC4 database showed a higher risk of 30-day readmission to an acute care hospital following knee replacement surgery. 16 There is also some evidence that discharge to an IRF instead of home also increases the risk of hospital readmission, albeit the results are conflicting. [19] [20] [21] [22] [23] There are several reasons that could explain the higher risk of 90-day acute care hospital readmission among patients discharged to a SNF or an IRF. 20, 21 Debilitated and medically complex patients are more likely to be sent to a SNF or IRF than home. Patients with lower social support or more dysfunctional home setting may also be more likely to be admitted to inpatient rehabilitation facilities (ie, a SNF or IRF). What happens to patients who are admitted to either facility may also influence the odds of acute care hospital readmission. For example, patients are often monitored closely by rehabilitation personnel, thus potentially increasing the odds of identifying reasons for transfer to acute care hospital. The institutional ease of transporting patients back to the hospital from an IRF may also lower the threshold for transfer to an acute care hospital.
There are important limitations to consider in interpreting our findings. First, the study included only THR surgery recipients from the state of Pennsylvania and results may not be generalizable to other states. However, the similarity of our findings to those conducted in other states is reassuring. 14, 15, 17 Second, the data set does not adequately capture other patient variables such as social support, which could vary by race and impact discharge destination decision-making. [30] [31] [32] Geographical proximity to an IRF or SNF 17, 33 and patient preference for PARC 34 may also influence discharge destination planning but Variables were compared by race for each age group (<65 vs 65 years) using Wald w 2 test from unadjusted binary or multinomial logistic regression models that account for clustering by facility. b P < .001. Variables were compared by discharge destination using Wald w 2 test from unadjusted binary or multinomial logistic regression models that also accounted for clustering by hospital facility. b P < .001. c are not available in this data set. Third, although THR for the management of end-stage hip OA is an elective treatment, we have no good data on baseline patient functional status that may potentially vary by race.
In summary, among patients who underwent primary THR surgery in the state of Pennsylvania, AAs, in comparison to white patients, had significantly higher risks of being discharged to a SNF or IRF. These racial differences persisted even after controlling for patient sociodemographic characteristics, clinical comorbidities, surgical complications, and hospital facility characteristics. We also found that patients discharged to a SNF or IRF had a greater chance of being readmitted to an acute care hospital within 90 days following THR surgery. Future studies should evaluate patient-level and health-care system reasons for these variations in postsurgical rehabilitation care.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publication of this article: Dr Ibrahim is supported in part by the National Institute of Health (NIH)/National Institute of Arthritis and Musculoskeletal and Skin diseases (NIAMS) grant, #K24AR055259. Dr Vina is a recipient of the NIH/NIAMS K23 grant, #K23AR067226.
ORCID iD
Ernest R. Vina, MD, MS http://orcid.org/0000-0001-8135-1731
Supplemental Material
Supplementary material for this article is available online. Figure 2 . Unadjusted (UN) and adjusted (ADJ) relative risk ratios of referral to an inpatient rehabilitation facility (IRF), skilled nursing facility (SNF), and home health care (vs home self-care) in African Americans (vs whites) by age group (<65 and 65 years, respectively). In the analysis of total hip replacement (THR) recipients <65 years, the adjusted models include all covariates of interest from Tables 2 and 3 with P < .10. In the analysis of those 65 years, the adjusted models include all covariates of interest from Tables 2 and 3 with P < .10.
